License to Build: New Theory of Cancer Puts Metabolism at Center
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Like the yeast that makes beer, cancer cells take up and use nutrients as building blocks to reproduce.

Summary

Scientists have known for 100 years that cancer cells metabolize nutrients in a unique way, though they
haven’t understood why. In a new paper, MSK researchers reconsider the evidence and offer an
unorthodox explanation, turning some commonsense wisdom on its head.

Highlights
e Normal cells in the body do not take up nutrients without the appropriate growth signals.
e Cancer cells acquire mutations that allow them to take up nutrients autonomously.
e This altered metabolism may lie at the heart of cancer.

e Targeting cancer metabolism opens up new avenues for treatment.

Long before Louis Pasteur became famous for proving that diseases were caused by germs, he worked in
a beer factory. His job: finding a way to make beer from sugar, hops, and yeast without having the yeast
take over the vat, gunking up the beer.

He failed.

Turns out yeast are very good at converting sugar into more yeast, and nothing Pasteur did could change
that — which is why today, most beer is filtered.


https://www.mskcc.org/research-areas/topics/cancer-metabolism

This long-familiar fact about beer making is inspiring some unconventional thinking about cancer. In a
paper published today in Cell Metabolism, Memorial Sloan Kettering President and CEO Craig

Thompson and postdoctoral fellow Natasha Pavlova argue that cancer cells take up and use nutrients
much like yeast in a vat of sugar, reproducing with wild abandon. Further, they claim that it’s this altered
metabolism of nutrients — rather than any quirk of a disordered cell cycle — that lies at the heart of
cancer.

“All of the information that drives the cell cycle — drives cell growth — comes from cells recognizing
that they have adequate nutrients,” says Dr. Thompson.

If he's right, then much of what we think we know about cancer is wrong.

The Challenges of Living Together

For Dr. Thompson and his colleagues, the problem of cancer is intimately tied up with another biological
guestion: how living things evolved from single-celled organisms, such as yeast, to multicellular
organisms like fish, birds, and biologists.

“The fundamental thing that allows us to live as a collaborative multicellular organism — a society of
cells — is that every cell agrees it will not take up and utilize the shared resources available to the body
except on its instruction from other cells,” says Dr. Thompson.

In this view, cancer results when cells stop playing by the food rules. Through mutations, they develop
the capacity to acquire nutrients autonomously. After that, it's every cell for itself.

Through mutations, cancer cells develop the capacity to acquire nutrients autonomously.

The easiest way to see this, Dr. Thompson says, is to consider what happens when a person gets a yeast
infection in the blood, a common problem on hospital wards where people are often
immunocompromised. The yeast find their way from the bloodstream to the liver — a nutrient
smorgasbord — and grow out of control.

“Metastatic cancers do the same thing,” he explains. “They act just like yeast, and that’s why the liver is
the most common site of metastasis.”


https://www.mskcc.org/research-areas/labs/craig-thompson
https://www.mskcc.org/research-areas/labs/craig-thompson
https://www.mskcc.org/research-areas/labs/members/natasha-pavlova

MSK president and CEO Craig Thompson and postdoctoral fellow Natasha Pavlova.

Drs. Thompson and Pavlova named their paper “The Emerging Hallmarks of Cancer Metabolism” in
homage to a famous article called “The Hallmarks of Cancer,” published in 2000 by Douglas Hanahan of
UCSF and Robert Weinberg of MIT.

In that article — required reading for every cancer biologist — the authors describe six features, or
hallmarks, of cancer that they believe characterize the disease, including things like activated growth
factor signaling and evasion of cell death. Not included on the list is anything having to do with altered
metabolism, the subject of the new paper.

Metabolism did later receive attention from these authors, but even then it was accorded a secondary
status.

“The repeated refrain from traditional biochemists is that altered metabolism is merely an indirect
phenomenon in cancer, a secondary effect of cancer cells gaining signals to survive and proliferate,” Dr.
Thompson says. “The heretical part of our argument is that we’ve gotten all of this wrong.”

In support of their view, Drs. Thompson and Pavlova point out that many cancer-causing genes, or
oncogenes, have direct effects on metabolism. For example, the oncogenes AKT and RAS directly
increase glucose consumption by cells. Other cancer-associated genes, such as MYC and Rb, boost
uptake of amino acids, another important nutrient.
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Oncogenes do not simply transmit instructions for a cell to survive, grow, and divide, but in fact directly
control nutrient uptake and utilization.

Natasha Pavlova - cancer biologist

“It is becoming increasingly clear that oncogenes do not simply transmit instructions for a cell to survive,
grow, and divide, but in fact directly control nutrient uptake and utilization,” says Dr. Pavlova, a
postdoctoral fellow in the Thompson lab and the paper’s first author.

This “metabolic reprogramming” has long-term consequences for the cell, she says, transforming it from
one that obeys the instructions of its neighbors to one that seeks only to feed and reproduce itself.



